H. G. von Schnering, M. Oehme, G. Rudolf, Acra Chem. Scand. 1991,45,873 . 1101 The PNS I,-Y** represents the zero points of the Fourier series built using geometrical structure factors IS(112)l = IS(22O)l = I and their phases a(112) = ~(220) = 0 as coefficients under the consideration of the permutations of the space group Ia3d. The reduced form is ( c = cos, s = sin, X = 2nx, c2Y + c2Yc2Z + c2Xc2Z. The description I,-Y** uses the symbols according
to [6] and shows that the point configurations I, and Y** were separated by this PNS 181. All 16 points of the twofold body-centred lattice I are placed in one labyrinth, which separates two other enantiomorph labyrinths. Larger chiral dendrimers with a more dense packing of functional groups in the shell have not been studied so far. Recently, we successfully prepared chiral structures of nanometer dimensions based on poly(propy1ene imine) dendrimers (DAB-dendi--(NH,),,)['ol that are terminated with amino acid derivatives and we presented evidence that these compounds are useful as dendritic "boxes" (DAB-dendr-(NH-&BOC-L-Phe),,; Fig. I ).[' Due to the dense packing of the shell and the presence of internal cavities, we are able to encapsulate a variety of guests into these dendritic boxes; guests that are physically locked. The synthesis of this and other amino acid modified dendrimers is summarized in Scheme 1. Here we report on the peculiar chiroptical properties of these dendritic boxes and discuss the structure of highly curved chiral dendritic surfaces.
The investigation presented here was triggered by the observation that the specific optical rotation of the DAB-dendr-(NH-t-BOC-L-Phe), decreases to almost zero on going from dendrimers of the first generation ([a] ,, = -1 1 ; c = 1, CHCI,) with four end groups to dendrimers of the fifth generation ([a] ,, = -0.1; c = 1, CHC1,) with 64 end groups. A more thorough investigation employing a variety of different amino acid derivatives reveals that this decrease of optical rotation with increasing generation is a general phenomenon for all the amino acids studied ( Table 1) . The most striking results are found for the DAB-dendr-(NH-r-BOC-&-Z-L-Lys), , in which the [a] ,, value decreases from -28 (c = 1, CHCI,) for the first generation dendrimer (x = 4) to 0 (c = 1 , CHCI,) for the fifth generation den- The optical behavior of the amino acid modified dendrimers is in sharp contrast with the optical rotations found for chiral dendrimers with more rigid end groups. The rigid dendritic camphor sulfonamides (Fig. 4) A number of phenomena other than trivial ones, like racemization or concentration effects, can explain the remarkable observations presented above for the amino acid modified dendrimers. A decreasing/vanishing optical activity of dendrimers is observed for dendrimers with chiral end groups; whose optical activity is susceptible to changes in the local environment. We are prompted to propose an explanation based on the fact that the outer surface (shell) of these dendrimers exhibit a highly dense solidlike packing in solution, as has been demonstrated by I3C NMR relaxation measurements.["I The rigidity of the shell is probably enhanced by multiple hydrogen bonding of the amide and carbamate groups in the shell. This rigid, close packing will lead to a number of conformations that are frozen. Due to the sensitivity of the chiroptical properties of the amino acid derivatives to the molecular environment and, hence, to conformational disorder, it is hypothesized that an internal compensation effect of different chiral conformers in the dendritic surface causes the vanishing or decreasing optical activity of the dendrimers. Chiral conformers with a non-equilibrium conformation are formed, forced by the dense packing in the shell. This explanation is related to the discussions by Green and Garetz on how the configurational stereochemistry of polymers can lead to vanishing optical activities by compensation among diastereomeric states. ['51 As these dendritic structures are highly organized, it is tempting to suggest that the conformational disorder in the shell is limited to the presence of only two frozen conformations with a kind of pseudo-enantiomeric relationship and almost opposite CD and ORD for both pseudo-enantiomers. It is well documented that the density of racemic crystals is higher than that of conglomerates['61 and the most dramatic differences are found for amino acid derivatives." ' I A pseudo mirror-image relation of conformers of enantiomerically pure compounds has been observed in X-ray studies of a number of crystals.["' We have performed a variety of preliminary studies using scalemic mixtures to evaluate this pseudo-enantiomer hypothesis, but a detailed interpretation is lacking.["' However, it is apparent from our results that the highly curved surface does not allow the packing of all amino acid derivatives into their preferred lowest energy conformations. This effect is probably strengthened by multiple hydrogen bonding. [*'] The constant optical rotation of the camphor sulfonamide and camphanic amide dendrimers of different generations is in full agreement with the insensitivity of its rotation with respect to changes in the molecular environment. The constant [XI, value does not imply that the camphor sulfonamide and camphanic amide shells are not densely packed nor that they do not possess frozen-in conformations. However, in these densely packed surfaces the frozen-in conformations all have the same optical activity and no internal compensation effects are operative here. Also the number and strength of the hydrogen bonds in these cases will be lower than in the case of the amino acid derived dendrimers. Further research to elucidate the reasons for the observations presented here are in progress. It is foreseen that research on chiral dendrimers with highly packed shells will yield important information for this type of curved structures; structures that are so prominently present in nature.
